Aim: The present study aimed to validate food records on the application MyFitnessPal (MFP), comparing them with paper-based food records (P-FR). Methods: Thirty university students, including males and females, volunteered and recorded dietary intakes on P-FR and MFP food records (MFP-FR). The values of energy, macronutrients and fibre from MFP-FR were compared with data from P-FR, calculated using Brazilian food composition tables. Adjustments for in-person variability and energy intake were performed, and comparisons were made between each data set, using the Wilcoxon signed-rank test, Spearman's correlation and Bland-Altman agreement plots. Results: Positive moderate correlations between P-FR and MFP-FR for all variables, and non-significant associations for energy and fibre were found. The Bland-Altman plots showed tendency to underestimation and relatively narrow limits of agreement. Carbohydrate and lipids show trends of increasing the degree of overestimation with increased intake, even after data normalisation. Conclusions: MFP tends to underestimate ingestion of nutrients probably due to inadequacies in the MFP database. However, MFP showed good relative validity, especially for energy and fibre. Its use, as well as other similar applications, should be encouraged, due to ease of assessing dietary information, although careful usage is recommended because of database gaps.
Introduction
For a long time, food records have been considered the gold standard method for food intake assessment, considering their capacity to be well correlated with actual intake. 1 Food records can also be used to self-monitor dietary intake, which can lead to a positive effect on quantity and quality of foods consumed and even induce bodyweight changes. 2, 3 Some advantages of food records are lower omission rates, better description of foods and beverages, and the possibility of assessing actual or habitual food intake. 4 However, an individual's motivation is essential in completing food records, and this may limit its usage to no more than seven consecutive days. 5 In addition, the need to be literate and the low acceptability of completing food records in public are other disadvantages. [4] [5] [6] Aiming to improve the efficacy of food records, some technologies, such as smartphone applications, can be used to facilitate completion. These technologies stand out because they are widely disseminated, they display food portions to be selected, reducing time to complete entries, there is no need to code records, and they also eliminate problems with unreadable calligraphy. 4, 6, 7 Apart from these reasons, these technologies show better adherence among users and better results when compared with paper-based food records (P-FR). 4, 5, 8 Hutchesson et al., 5 when comparing values of energy intake obtained from doubly labelled water method, and smartphone or P-FR found similar underestimation values, however P-FR showed more random errors, relatively to smartphone-based food records, which may indicate smartphone methods are more accurate than traditional P-FR, and evidence supported by other studies. 7, [9] [10] [11] MyFitnessPal (MFP) is a free smartphone and computer application that offers self-monitoring of food intake, physical activity and anthropometric measures. MFP was considered the favourite application from many others at the same category by sports dietitians who used applications in nutritional care. 12 Qualitatively, MFP achieved ninth position when evaluated along with 28 similar applications in a ranking that assessed criteria such as accountability, scientific coverage, technology features and usability. 13 Thus, the present study aimed to relatively validate MFP-FR in a population of university students who did not aimed weight loss, using P-FR as a reference method, and also to show the positive and negative aspects of both technologies.
Methods
The validation study was conducted with a convenience sample of university students, aged between 18 and 30, considering that familiarity with smartphone technologies was necessary. Nutrition major students were excluded to avoid overestimation of methods similarities due to previous acquaintance with food records.
MFP is an application that calculates energy and nutrient ingestion from online food records with a simple and selfexplanatory interface. The MFP database is composed of more than three million foods, some registered by MyFitnessPal Inc., from either the United States Department of Agriculture Food Composition Database or nutrition facts from packaged foods, whilst other food entries are entered by users, and therefore the source of this information is sometimes unknown and food entries may not display the values of some nutrients or could even show incorrect ones, because the only required information to create a food entry is its name and energy content.
Two visits with the main researcher were scheduled for each participant. During the first visit, participants were instructed on how to download MFP onto their own smartphones, how to complete food records on it, and how to complete P-FR. Participants were asked to complete both food records on the same day: P-FR was to be completed throughout the day in real time, and the MFP-FR at the end of the same day, with the intention of avoiding household measures present in MFP interfering in food portions recorded on P-FR. Volunteers were asked to perform this procedure once during a week day, and a second time during a weekend day. Regarding P-FR, a thorough detailing of foods and beverages consumed and household measures was requested. For that, a photo album with frequently used food portions was showed and explained, with a special focus on spoon types and meat portions, as most of the foods usually eaten during the main meals in the Brazilian diet are meats or foods portioned with spoons such as rice, beans, meat stews, corn couscous, among others. As for MFP-FR, no rules or criteria were established and participants were instructed to freely choose foods from among those in MFP database, as they would do on a regular basis.
After completion, the second visit took place, when records were collected by researchers and checked for possible inconsistencies or information gaps so the participant could correct them. At this point, a structured questionnaire concerning positive and negative characteristics of both technologies was administered.
Brazilian food composition tables were used for quantifying energy and nutrient intake from P-FR, and when necessary they were complemented with other sources. 14, 15 Although MFP calculates intake of energy and 16 other nutrients, we chose to present only the values of energy, carbohydrate, protein, lipids and fibre, because these would be the most representative of each one of the food groups.
To minimise the effect of in-person variability, the variables were adjusted. Each of the adjusted variables were calculated as follows:
Variances were calculated through an analysis of variance analysis, according to the method proposed by the United States National Research Council. Also, as a way to remove variations caused by total energy intake, a nutrient-residual model was applied to adjust the data. Linear regression was performed for all nutrients, with energy as an independent variable, and coefficients were used to calculate the adjusted nutrient values. Adjustment methods are thoroughly described elsewhere. 16, 17 Descriptive statistics are presented as means, standard deviations and medians of both days of food records. As the data presented non-normal distribution, tested by the Kolmogorov-Smirnov normality tests, non-parametric tests were performed. Data sets were compared with each other by the Wilcoxon signed-rank test and the Spearman correlation test. Agreement was assessed through Bland-Altman plots. If the distribution of points in the plot showed trends, these were transformed into natural logarithm as to normalise the distribution. The significance threshold of 0.05 was adopted for all analyses. All analyses were performed on IBM SPSS package, version 24 (IBM Corp., Armonk, NY, USA).
While results from the Wilcoxon signed-rank test and mean differences between methods (d) on the BlandAltman plot show the presence of systemic errors, the Spearman correlation and distance of points from d are signs of random errors. The Bland-Altman plot allows an assessment of agreement between methods, which is given when points are contained within limits of agreement (d AE 2 SD), and the difference between these limits is not clinically important. 18 The present study was approved by the Ethics Committee for Research with Human Beings of the Universidade Federal de Sergipe. Participants were all volunteers, signed a term of consent following ethical standards stated at the Declaration of Helsinki. No reimbursement or payment to engage in the present study was provided.
Results
Forty-three university students were recruited and participated the present study, but 13 of them dropped out between the first and second visits, making collection of V. Teixeira et al.
records impossible for them. Therefore, the final sample was constituted of 30 participants. The most frequently cited reasons for dropping out was lack of time to complete records, negligence at completing the foods records, and some participants could not be reached by phone, text messages, or in person between the first and second visits. One of the 30 participants did not want to respond to the questionnaire, so the data from the food records were maintained but the questionnaire results represent only 29 participants. The remaining participants had a mean age of 22.8 (AE2.6) and 73% were female. Table 1 shows crude and adjusted means, standard deviations, and medians of energy and nutrients calculated by both methods. When observing these values alongside the values of d on Table 2 , it is possible to note that results of MFP-FR and P-FR were similar, and the Wilcoxon signedrank test shows non-significant values, determining resemblance of results between methods for energy, carbohydrate and fibre. When the data were adjusted, only energy and fibre remained as non-significant. However, correlations were moderate and significant for energy and all nutrients. Energy had the most expressive results, with higher P value for the Wilcoxon test and correlation value. Bland-Altman plots ( Figure 1 ) demonstrate a good agreement of methods, with majority of points between limits of agreement and close to d and to zero for energy, macronutrients and fibre, although the limits of agreement are wide for energy, even after adjustments. The plots for energy, carbohydrate and lipids show trends across the data, and despite transforming the values for natural logarithm to normalise distribution, the trends persist, which may suggest that these trends are inherent to MFP.
Concerning the questionnaire results (Table 3) , the preference for MFP was higher when asked about practicality, the promotion of self-consciousness of food intake, and general preferences. However, it was considered more difficult to record and to estimate food portions than via P-FR. Besides this, of the 29 participants, 31% reported that they would find hard to incorporate food records on MFP on a daily basis. As to difficulties in describing foods to write or log, 28 and 41% of participants claimed to struggle when doing it for P-FR or MFP-FR, respectively, and, for estimating portions, 57 and 69% found it hard to do so in P-FR and MFP-FR, respectively.
Discussion
Food records completed with MFP showed good resemblance to P-FR concerning nutrient intake. Special highlights were energy, and fibre, which showed non-significant associations, moderate and significant correlations (r = 0.70, P < 0.01 and r = 0.63, P < 0.01, respectively). Even though limits of agreement may be wide for energy, concerning macronutrients and fibre, they may be considered acceptable; depending on the clinical situation, MFP may be used. In the present study, systemic and random errors were detected on MFP, as evidenced by significant P values on the Wilcoxon signed-rank test and d being slightly far from zero. Bland-Altman plots show systemic errors for lipids, according to the format of the point-cloud that shows an ascending slope, even after transformation.
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as evidenced by all correlations above 0.9, mean difference for energy of −73 kcal/day (−305 kJ/day) and narrow limits of agreement of −250 to 104 kcal/day (−1046 to 435 kJ/day). However, it is important to note that in the latter study, participants were instructed to consume pre-packaged and pre-labelled ration packs which reduced the variability of foods and nutrients. Therefore, when comparing our results with other similar studies that evaluated the use of apps in a natural context, we found less errors, as evidenced by the amplitude of the limits of agreement of 4466 kJ, 7 6246 kJ 5 and 5766 kJ, 9 respectively, which are similar to those found in the present study (5608 kJ -crude), but higher than ours when adjusted (3407 kJ). Also, our d value for energy was found to be closer to zero (−56 kJ).
The literature shows that up to 49% of errors found in food records come from difficulties in estimating food portions. 19 Although these errors were expected and encountered in food records in the present study, the database seemed to have a greater impact in similarities between MFP-FR and P-FR. It should be mentioned that the sequence in completing P-FR before MFP-FR might have biased results in such a way that real-time recording with MFP might result in outcomes different to the ones found. Yet, when participants were asked about the influence of completing P-FR before MFP-FR over food and portions choices from a database (data not presented), most of them reported that records would be the same if the order were inverted.
Not differently than other online methods, MFP relies on technological apparatus, and this might mean that food records on smartphones may not be applicable to all kinds of populations, such as the elderly. Also, because of this dependency, food records could be obsolete if any electronic problem on the smartphone occurs. Of the 43 participants recruited, five of them reported technical issues on their smartphones or on MFP itself, which delayed completion of food records and this problem is also reported in most of the other studies that use electronic dietary assessment technologies. 20 Also, when asked about difficulties in
Relative validity of a smartphone dietary record estimating portion sizes, the proportion of people who stated difficulties was 12% greater for MFP-FR than for P-FR. This can be viewed as a limitation of the method, as studies show that estimating food portions is the biggest difficulty and the most frequent source of errors in food records made by participants. 19 According to users, MFP-FR was harder to complete and to estimate portion sizes. Many food entries on MFP have portion sizes described in grams or millilitres, and lack household measures, which poses obstacles for estimation. Besides, it is necessary to type the food description, choose the most similar food entry from search results, and estimate the food portion, while on P-FR, users only need to write down the description of foods eaten, which could be faster and easier. This makes P-FR easier for participants, even though it may be harder to code, as dietary information written may be inaccurate, confusing or incomplete.
On the other hand, users selected MFP-FR as the preferred technology, the most practical to use, and the one that promoted more self-consciousness of food habits because of real-time calculation of energy and nutrient intake, and the feedback given by the app about foods consumed that are rich in fats, sodium, fibre, vitamins or minerals. These results are in compliance with the ones found by Laing et al. 3 who studied the effect of overweight participants using MFP on primary health care. All participants stated ease of use, and 88% also liked the feedback function. In the present study, some participants referred to a thorough database, regarding what they liked about MFP, and although this might be appropriate for American users, according to our results, this may not be applicable to nonEnglish speakers.
Despite the lack of evaluation of user opinion concerning the MFP database, comparisons of the present study with current literature 5, 7, [9] [10] [11] show that the MFP database may lack information about nutrients for many food entries, especially for those that are not labelled. Possibly MFP database also lacks information in entries in the Portuguese (b) Energy (kJ) (a) (a) Adjustment for in-person variability only. (b) Adjustments for in-person variability and for energy intake. MFP-FR, MyFitnessPal food records; P-FR, paper-based food records. Table 2 Mean differences between MFP-FR and P-FR used to calculate energy and nutrient intake, association and correlation tests (n = 30)
Variable
Crude Adjusted (a) Difference
Energy ( language, and this may occur because most of the food entries in Portuguese are created by users and not by MyFitnessPal Inc. These two effects were contributors for data variability found in the present study. The results might have been different if our participants were English speakers.
It is worth noting that the reference method used in the present study is not considered a gold standard, and sources of errors such as over-or underestimation, and distorted portion sizes were expected, and indeed happened in the present study, even though efforts to minimise them were carried out throughout its development, such as checking for missing foods and appropriate use of portion sizes during the second visit, and a posteriori data treatment. Food records are not a perfect method for measuring dietary intake, and previous studies demonstrate they can underestimate energy intake from 4 to 37%, and although we instructed participants on how to estimate portion size, and we checked for errors on their food records during the second visit, we are aware that these errors are still present at some extent. 2, 4 Because of this margin of error of the reference method, the variability found in the test method may have been greater or smaller. Besides, the convenience sample may have biased sampling towards a specific population, possibly limiting the participation of males and overweight people, who are less prone to engaging in dietary studies of their own accord. 21 In addition, university students have a specific lifestyle that is determined by time availability, weekly course load, residency type and location, and income, which make the results of the present study not applicable to all people, not even in the same age group. 22 Finally, because the study was not aimed to assess the validity of the method at a specific body mass index range and due to logistic reasons, we did not assess anthropometric measures. Even though this may bring a theoretical variability to the collected data, we believe that the observed variability is not as high as expected. This is one of the few studies that evaluated smartphone applications that use food records, and the only one to date that validates a freely available one in a natural setting, developed by a third-party in the English language, and applied to non-English speakers. The present study also evaluated reasons for likes or dislikes of the methods, providing qualitative information concerning validity and how to improve it for later versions of the application or for other developers who wish to create one of their own. Finally, the present study also generates information about validity regarding fibre, which is not normally addressed in similar studies.
During the past few years, smartphone applications have come to light as a potential tool to replace P-FR for some population groups, such as adolescents and young adults, and the present study reinforces this potential. MFP shows the capacity to calculate energy intake in a satisfactory way, and therefore can be applied in clinical settings, either as a dietary assessment, self-monitoring tool, or to monitor proposed dietary changes, in which the practicality and easiness of the tool are prioritized over its accuracy. The authors do not recommend its use for research purposes because of the high standard deviations found. Dietitians can use it to assess food behaviours and energy intake to better estimate energy needs and plan individualised diets in an inexpensive way. Also, patients can use it to monitor their diet plans, improving adherence and goal attainment. However, a dietitian should still monitor the use of these applications, because the calculation of energy intake is the strongest feature and reaching energy goals would not necessarily mean macro-and micronutrient goals were also reached.
Food records conceived through MFP showed relative validity for energy and fibre, and possibly for macronutrients too, despite systemic errors being present. Adapting its database could lessen most of these errors, especially regarding food entries in languages other than English. It is worth noting that users considered it better than P-FR and therefore efforts to improve these technologies should not be spared, so dietary assessment can be easier and have as much accuracy as possible.
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